Hybrids of some natural compounds are promising to obtain new leads with good biological activities for drug discovery. Three quercetin aspirinates were synthesized by esterification of the 3-and 7-hydroxyl groups of quercetin with aspirin. Biological activities of these quercetin aspirinates were initially screened and showed better cytotoxic activities against tumor cell lines HL-60 and HepG2 and less scavenging activity against DPPH than the quercetin respectively.
Introduction
Quercetin, a very efficient antioxidant, 1, 2 is the widespread flavonoid in many foods and exhibits significant biological activities against many diseases such as cancer, 3, 4 cardiovascular 5 and neurodegenerative diseases. 6 There has been a lot of study on synthesis, [7] [8] [9] functional elucidation, 10, 11 and biological evaluation of quercetin and its derivatives [12] [13] [14] in recent years. In the development of drugs, hybrids as combinations of parts of different natural products is a new and promising approach to obtain the new leads because the biological activity of some new hybrids probably exceeds that of the parent compounds. 15 Due to the presence of multiple hydroxyl groups in the quercetin for easy esterification with carboxylic groups, as well as the similar physiological activities aganist cardiovascular diseases to the well-known medicine aspirin, hybrids of these two compounds may show better biological activities. Interested in this idea, we synthesized the quercetin aspirinates and screened their biological activities.
Experimental
General. The melting points were measured on WRS-1B digital melting points apparatus and are uncorrected. The progress of the reaction was monitored by TLC. 1 H NMR spectra were determined on a Brucker AVANCE 400 NMR spectrometer at 400 MHz in DMSO-d 6 using TMS as internal standard. Elemental analysis was estimated on an Elementar Vario EL-III element analyzer.
3',4'-O-Diphenylmethane Quercetin (2). compound 1 (302 mg, 1 mmol, 1 equiv) and dichlorodiphenylmethane (0.3 mL, 1.5 mmol, 1.5 equiv) in diphenyl ether (15 mL) were mixed and heated at 175°C for 30 min. The residue was cooled to room temperature and petroleum ether (30 mL) was added to give a solid compound. Then solid was collected by filteration and purified by a silica gel column chromatography using petroleum ether/ethyl acetate (4:1) as eluent to afford a yellow solid 2. Yield = 66% (306 mg 3',4'-O-Diphenylmethane-3 (or 7)-quercetin aspirinate (3). A mixture of compound 2 (466 mg, 1 mmol), asprin (360 mg , 2 mmol), 4-dimethyl-aminopyridine (DMAP, 24.0 mg, 0.2 mmol, 20 mol %), were added in anhydrous CH 2 Cl 2 (5 mL) and were stirred under argon, cooled in an ice bath to 0 °C while N,N'-dicyclohexylcarbodiimide (DCC, 412 mg, 2 mmol) was added and then at 0°C to room temperature for 12 h. After the reaction was completed, white precipitate (dicyclohexylurea) was removed by filtration and the filtrate was cooled in fridge for 5 h, some additional dicyclohexylurea was precipitated, which was removed by filtration. The organic solution was dried over anhydrous Na 2 SO 4 and evaporated under reduced pressure at 32°C. The residue was purified by column chromatography on silica gel (hexane/ ethyl acetate = 8:1) to afford a yellow oil mixture of 3a, 3b, 3c (522 mg). These three compounds were collected together to react in next step without isolation. To a solution of 3a, 3b, 3c in ethyl acetate/ethanol (1.5:1, 15 mL) Palladium on charcoal (162 mg, 10%, 1.5 mmol) was added and vigorously stirred at 0 °C to room temperature for 8-9 h under hydrogen pressure (balloon). After the Pd/C was removed by filtration, the filtrate was concentrated under reduced pressure at 32 °C, and the residue was purified by column chromategraphy on silica gel using a mixture of CHCl 3 / methanol (100:1) as the eluting solvent to give the corresponding products 4a, 4b, and 4c as pale yellow powders. (Table 1) .
3-(7-O-Acyl) quercetin aspirinate (4a
DPPH Scavenging Assay. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) is a free radical, stable at room temperature, which produces a violet solution in ethanol. In presence of antioxidant compounds, the DPPH is reduced producing a noncolor ethanol solution. The free radical scavenging activities of compound 4a-c were evaluated with the DPPH. The solution containing different amounts of compound 4a-c was added into freshly prepared DPPH solution (1.3 × 10 4 mol/L, in ethanol). Absorbance at 517 nm was measured by a spectrophotometer on the 30 minutes after starting the reaction. 23 All experiments were repeated three times and the mean effective scavenging concentrations (SC 50 ) were calculated. As to the bleaching of the DPPH, this test is carried out in ethanol solution. Thus the test is useful to determine the free radical scavenging effect of the compounds (Table 2) .
Results and Discussion
In our synthetic route (Scheme 1), to obtain the monoacylated derivatives, selective protection of the catechol group of quercetin 1 with dichlorodiphenylmethane referring to the corresponding procedures was performed in the first step. 16 This method was probably the most effective for protection of the catechol group, while other ones of protection with 1,2-dibromomethane or acetone according to the reported literatures 17, 18 were not successful in our repeated experiments. Esterification of compound 2 under the common condition with aspirin and the sequent deprotection of 3a-c with H 2 and Pd/C 19 gave three products 4a-c what were confirmed by NMR and mass spectroscopy to be acyl and diacyl compounds at the 3-O and 7-O positions of quercetin. Surprisingly, the 3-and 7-OH groups of quercetin were easily esterified not only by acetylsalicylic acid but also by acetic acid. In our initial experiments, the deprotection reaction was performed in ethyl acetate and the solvent might provide acetyl group for esterification, then the deprotection reaction was performed in THF again and gave the same result. Obviously, the acetyl group probably came not from the solvent but from aspirin. To obtain a single product in the esterification reaction, the ratio of aspirin to quercetin was varied from 1:1 to 6:1. However, the reaction showed no regioselective and the three quercetin aspirinates were always generated in almost equal yields whatever the ratio was. It should be noted that in order to establish the structures of 4a-c in detailed, not only the 1D-NMR but also the 2D-NMR data was obtained. The 4a and 4b could be determined by the different signals of H-6 and H-8 aroused by the acetylation of the C-7 phenolic alcohol with acetyl or acetylsalicylic group. The chemical shifts of H-6 and H-8 would move to lower fields if the acetylation of C-7 phenolic with acetylsalicylic group rather than acetyl group. The 4c was also indicated by the signal of 7-OH at 10.93 ppm of the 1 H spectrum because only the signal of 7-OH should appear at 10-11 in the quercetin according to the reported literatures, 20 and the signal of 3-OH would be 9-10 if it not be esterified.
The biological activities of quercetin aspirinates were screened as shown as Table 1 and 2. All these hybrids showed more potent cytotoxic activities against tumor cell lines HL-60 and HepG2 of than quercetin but less than doxorubicin, and their scavenging activity against DPPH was less active than that of quercetin too.
Conclusion
Three quercetin aspirinates were synthesized by esterification of the 3-and 7-hydroxyl groups of quercetin with aspirin. Biological activities of these quercetin aspirinates showed better cytotoxic activities against tumor cell lines HL-60 and HepG2 and less scavenging activity against DPPH than the quercetin respectively.
